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Mouse paw edemaLoquat (Eriobotrya japonica) leaves have been used as traditional medicine for chemopreven-
tion and treatment of chronic inflammatory diseases although the evidence supporting
their functions is still poor. This study aims to clarify the anti-inflammatory effects and
molecular mechanisms of loquat tea extract (LTE), in both cell and animal models. LTE,
especially C fraction, inhibited the production of pro-inflammatory factors including induc-
ible nitric oxide synthase (iNOS), nitric oxide (NO), IL-6, RANTES and TNF-a. Cellular signal-
ing data revealed that the downregulation of TGF-b-activated kinase (TAK1)-mediated both
mitogen-activated protein kinase (MAPK) and NF-jB pathways were involved in the inhibi-
tion of pro-inflammatory factors by C fraction. Mouse paws edema model further con-
firmed the in vivo anti-inflammatory effects of LTE.
 2013 The Authors. Published by Elsevier Ltd. Open access under CC BY-NC-ND license.1. Introduction phenolic compounds were produced during the processes ofLoquat (Eriobotrya japonica) and its leaves have been used as a
component in Chinese medicinal prescriptions as an anti-tus-
sive and anti-inflammatory agent for chronic bronchitis, as
well as in Japanese folk medicine as a diuretic, digestive,
and antipyretic agent (Koba, Asao, Osada, & Huang, 2007). Lo-
quat tea, called as Biwa Cha in Japanese, is made from loquat
leaves roasted at 350 C for 30 min, and is now used for health
beverage in Japan. In a previous study, we have found that the
chemical compounds in loquat tea extract (LTE) are different
from the original components in fresh leaves, and someloquat leaves upon roasting. Bioactive assay data showed that
the loquat tea possessed higher phenolic contents and stron-
ger antioxidant activity, suggesting that loquat tea may have
biological functions. Based on this information, we attempted
in this study to estimate the anti-inflammatory activities of
loquat tea and to clarify the underlying mechanisms
involved.
During inflammatory disease, the primary cells of chronic
inflammation are macrophages that produce excess amounts
of mediators such as nitric oxide (NO) and pro-inflammatory
cytokines (Laskin & Laskin, 2001; Lee et al., 2005). NO plays ahima 890-
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genesis (Kroncke, Fehsel, & Kolb-Bachofen, 1998; Ohshima &
Bartsch, 1994). NO overproduction leads to various harmful
responses including apoptosis and necrosis (Nagai, Kuma-
moto, Fukuda, & Takahashi, 2003), as well as organ failure
in autoimmune diseases (Kleemann et al., 1993). NO is gener-
ated in three isoforms of endothelial nitric oxide synthase
(eNOS), neuronal NOS (nNOS) and inducible NOS (iNOS)
(Nathan & Xie, 1994). Of these, iNOS is only induced by vari-
ous inflammatory factors such as lipopolysaccharide (LPS)
in macrophages, and further catalyses NO synthesis. Contin-
uous production of iNOS has been linked to the development
of cancer, autoimmune disorders and coronary artery disease
(Kubatka et al., 2003). Pro-inflammatory cytokines/chemo-
kines recruit, alert and activate neighboring cells for mount-
ing an effective immune response. Therefore, cytokines play
a pivotal role in consequences of inflammation (Haddad,
2002).
Regarding the cellular signaling pathways regulating the
inflammation, mitogen-activated protein kinase (MAPK) and
NF-jB signaling pathways have been suggested to key regu-
lators in the expression of inflammatory mediators includ-
ing iNOS and cytokines (Laskin & Laskin, 2001; Lee et al.,
2005). MAPK signal pathway includes extracellular signal-
regulated kinase (ERK), p38 MAPK (p38) and c-Jun NH2-
terminal kinase (JNK) (Davis, 1994). These kinases can be
activated after phosphorylation by bacterial LPS (Chen,
Chen, & Lin, 1999). Activation of MAPK contributes to the
production of inflammatory mediators such as iNOS and
cytokines in activated macrophages (Ajizian, English, &
Meal, 1999; Chaung & Karin, 2001).
NF-jB pathway includes IjB kinase (IKK), I kappa B (IjB)
and nuclear factor kappa B (NF-jB). Many stimuli including
LPS, cytokines and virus activate NF-jB via several signal
transduction pathways, leading to IKK a and b activation
and then it phosphorylates IjB (Karin, 1999; Zhang &
Ghosh, 2001). IKK a and b are activated by phosphorylation
which is stimulated by phosphorylation of TAK-1 (Cuadrado
et al., 2012; Hou et al., 2007). I-jB degradation releases
NF-jB from the complex, which enters the nucleus to trans-
activate a large variety of target genes such as iNOS and
cytokines (Kubatka et al., 2003). Moreover, activation of
NF-jB and Toll like/IL1 receptor domain containing adaptor
inducing IFN-b (TRIF) dependent pathways contribute to the
production of inflammatory cytokines productions in
response to LPS. TRIF is activated by phosphorylation of
interferon regulating factor 3 (IRF-3) via TANK-binding
kinase 1 (TBK1) and IKK activations (Akira & Takeda, 2004).
Based on the properties of loquat tea and the information
of inflammation processes, we investigated the anti-inflam-
matory effects and molecular mechanisms using both cell
and animal models in the present study. First of all, we used
mouse macrophage-like cells (RAW264.7), which can be stim-
ulated with LPS to mimic a status of infection and inflamma-
tion, to screen the influence of loquat tea extracts on the
productions of iNOS, NO and cytokines, and then chose C
fraction, a strongest inhibitor among them, to investigate
the molecular mechanism involved. Finally, we confirmed
the anti-inflammatory effects in vivo using a mouse paw
edema model.2. Materials and methods
2.1. Extraction and characterization of loquat tea
Loquat tea was made from roasted fresh loquat leaves at
350 C for 30 min in a ceramics vessel according to the folk
customs. Both fresh leaves and roasted loquat tea were boiled
at 100 C for 15 min and the supernatants were obtained after
centrifugation at 12,000 rpm for 5 min. The tea water extract
(T) was then separated by MCI gel-CHP20P (Mitsubishi Chem-
ical Corporation, Tokyo, Japan) column, and A, B, C and D frac-
tions were by eluting with water, 30% EtOH, 50% EtOH, and
100% acetone, respectively. According to the antioxidant
activity-based purification, C fraction was further separated
with ODS gel (Shimadzu, Tokyo, Japan) column, and C1–C9
fractions were finally obtained by elution with 10–90% MeOH
(Fig. 1). All of extracts and fractions were evaporated and
stored at 20 C less than two months.
Ten microliter of each extract were analysed using HPLC
unit by a CrestPak C18 T-5 column with 250 · 4.6 mm i.d
(JASCO Corporation, Tokyo, Japan). The solvent system
was a mixture of 0.05 lM H3PO4 in CH3CN (A) and 0.05 lM
H3PO4 in water (B), with the flow rate of 0.8 ml/min, and
the gradient was as follows: 39 min – 4% A ; 96% B and
15 min – 75% A ; 25% B. Spectroscopic data from all peaks
were accumulated in the range of 200–700 nm, and chro-
matograms were recorded at 280 nm and quantitative anal-
ysis was done as described previously (Kupie, 2004). The C2
fraction separated from roasted loquat leave extract was
detected by JASCO FT-IR/IRT-3000 ATR-30-Z (Tokyo, Japan)
equipped with ATR attachment. The FT-IR frequencies were
detected between 400 and 4000 cm1. Moreover, the 1H-NMR
spectra were recorded using JEOL JNM-ECA600 (Tokyo, Ja-
pan). DMSO-d6 was used as the solvent and chemical shifts
were expressed in ppm with reference to tetramethylsilane.
2.2. Reagents and cell culture
Mouse macrophage-like RAW 264.7 cells were purchased
from Cell Bank (cell RCB0535), Bioresource Center of the
Institute of Physical and Chemical research (RIKEN, Tokyo,
Japan), and cultured at 37 C in a 5% CO2 atmosphere in
Dulbecco’s minimum essential medium (DMEM) containing
10% FBS, 1% PS and 2% glutamine. Foetal bovine serum
(FBS) was purchased from Equitech-Bio (Kerrville, TX, USA)
and LPS (Escherichia coli Serotype 055:B5) from Sigma (St.
Louis, MO, USA). Antibodies against phosphor-ERK1/2, phos-
phor-p38 kinase, phosphor-JNK, ERK1/2, p38 kinase, JNK,
phosphor-TAK1 (Thr184/187), phospho-IKKa/b (ser176/180),
IjB-a and phospho-IRF3 were purchased from Cell Signaling
Technology, Beverly, MA, USA. Antibodies against iNOS,
TAK-1, IKKa/b and a-tubulin were from Santa Cruz Biotech-
nology, Santa Cruz, CA, USA.
2.3. Total oxygen radical absorbance capacity (ORAC)
assay
A mixture of 100 ll of uranine fluorescein (7.5 nM) was used
as target of free radical attack, and 40 ll of 2,2 0-azobis (2-ami-
dinopropane) dihydrochloride (AAPH) (63.4 mM) was used as
Fig. 1 – Fractionation and antioxidant activities of LTE. Loquat tea and fresh loquat leaves were extracted in boiling water for
15 min. The tea water extract (T) was then separated with MCI gel and ODS gel column. T, tea water extract; A, fraction A
(water extract); B, fraction B (30% EtOH extraction); C, fraction C (50% EtOH); D, fraction D (100% acetone); C1–C9, fractions from
C fractionated by 10–90% MeOH. The antioxidant activity of water extracts and separated fractions were determined by ORAC
assay. The ORAC values of L, T, A, B, C, D and C1-C9 fractions were shown as Trolox equivalents (TE) in dry basis of each
sample (lmol TE/g dry basis) in the boxes, respectively. Each value represents mean ± S.D. of three independent experiments.
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in black 96-well plate at 37 C. Trolox standard ranged from
50 to 400 lM. The decrease in fluorescence was determined
by collecting data for excitation of 535 nm and emission of
595 nm every minute for 120 min with a Wallac ARVO SX
1420 Multilable Counter (Perkin Elmer Life Sciences,
Singapore). The ORAC value was evaluated as the area under
curve (AUC) and calculated by taking into account the Trolox
reading using the following equation: ORAC = [AUCsample
 AUCbuffer]/[AUCTrolox  AUCbuffer]·Dilution factor of sample
· initial concentration of Trolox (Seeram et al., 2008). The unit
of ORAC values was shown by Trolox equivalent lmol/g.
2.4. Cell viability assay
The cell survival rate was measured by a MTTassay according
to previous authors (Uto, Fujii, & Hou, 2005). Briefly, RAW
264.7 cells (2 · 104 cells/well) were seeded into each well of
96-wells plates. After incubation for 24 h, the cells were trea-
ted with different concentrations of LTE for 12 h. Then MTT
solution (5 mg/ml) was added to each well. After incubating
the cells for another 4 h, the resulting MTT-formazan product
was dissolved by the addition of 0.04 M HCl–isopropanol solu-
tions. The amount of formazan was determined by measur-
ing the absorbance at 595 nm in a microplate reader
(Thermo Scientific Multiskan, version 1.00.79, Finland).
The results were expressed as the optical density ratio of
the treatment to control.
2.5. Measurement of NO production
Nitric oxide production in cultural supernatant was deter-
mined by Griess (Uto et al., 2005). Briefly, RAW 264.7 cells
(3 · 105 cells/well) were seeded in 48-wells plate. After pre-
incubation for 21 h, cells were starved by being cultured in
serum free for another 2.5 h to eliminate the influence of
FBS. The cells were treated with or without LTE for 30 minbefore exposure to LPS (40 ng/ml) for 12 h. One hundred
microliter of each supernatant were mixedwith the same vol-
ume of Griess reagent (1% sulphanilamide in 5% phosphoric
acid and 0.1% N-(1-naphthyl) ethylenediamide dihydrochlo-
ride in distilled water), and the absorbance was read at
550 nm wave length.
2.6. Measurement of cytokines productions
Cytokines production in cultural supernatant was determined
by Bioplex mouse cytokine assay (You et al., 2013). Briefly,
RAW 264.7 cells (1.2 · 105 cells/well) were seeded in 12-wells
plate. After pre-incubation for 21 h and starved in serum-free
medium for 2.5 h, the cells were treated with or without LTE
for 30 min before exposure to LPS (40 ng/ml) for 12 h. The
culture medium without any dilution was used to assay the
cytokine production with Bio-Plex Pro Mouse Cytokine
23-Plex Panel kit (Bio-Rad Laboratories, Hercules, CA, USA)
for 23 cytokines including interleulin-1alpha (IL-1a), interleu-
lin-1beta (IL-1b), interleulin-2 (IL-2), interleulin-3 (IL-3),
interleulin-4 (IL-4), interleulin-5 (IL-5), interleulin-6 (IL-6),
interleulin-9 (IL-9), interleulin-10 (IL-10), interleulin-12 p40
(IL-12 p40), interleulin-12 p70 (IL-12 p70), interleulin-13
(IL-13), interleulin-17 (IL-17), Eotaxin, granulocyte colony-
stimulating factor (G-CSF), granulocyte–macrophage colony-
stimulating factor (GM-CSF), interferon-gamma (IFN-c),
keratinocyte chemoattractant (KC), monocyte chemotactic
protein-1 (MCP-1), macrophage inflammatory protein-1alpha
(MIP-1 a), macrophage inflammatory protein-1beta (MIP-1b),
regulated on activation, normal T cell expressed and secreted
(RANTES), and tumor necrosis factor-alpha (TNF-a) in a
Bio-Plex machine (Bio-Plex 200 System, Bio-Rad Laboratories,
Hercules, CA, USA). The assay was performed according to
the manufacturer’s instructions and analyzed with the
Bio-Plex manager software (version 4.0). The sensitivity of
this method was less than 10 (pg/ml), and the assay can accu-
rately detect cytokines in the range of 1–32,000 pg/ml. The
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was used for the measurement of cytokines with mouse ELI-
SA Ready-SET-Go kit (eBioscience, San Diego, CA, USA)
according to manufacturer’s manual.
2.7. Western Blot analysis
Western blotting was performed as given by Hou et al. (2007).
RAW 264.7 (1 · 106) cells were pre-cultured in 6-cm dish for
21 h and then starved by being culturing in serum free for
another 2.5 h to eliminate the influence of FBS. The cells were
treated with LTE (M, A, B, C, D fraction), fraction C or C2 for
30 min before exposure to LPS (40 ng/ml) or (1 lg/ml) for
different times depend on detected proteins. Cellular lysates
were boiled for 5 min. Protein concentration was determined
by dye-binding protein assay (Bio-Rad Laboratories, Hercules,
CA, USA) according to the manufacturer’s manual. Equal
amounts of lysate protein (40 lg) were run on 10% SDS–PAGE
and electrophoretically transferred to PVDF membrane (GE
Healthcare, Buckinghamshire, UK). After blotting, the mem-
brane was incubated with specific primary antibody overnight
at 4 C, and further incubated for 1 h with HRP-conjugated
secondary antibody. Bound antibodies were detected by using
ECL system (GE Healthcare, Buckinghamshire, UK) with a
Lumi Vision PRO machine (TAITEC Co, Saitama, Japan). The
relative amount of proteins associated with specific antibody
was quantified by Lumi Vision Imager Software (TAITEC Co,
Saitama, Japan).
2.8. Induction of mouse paws edema by LPS
The animal experiments were conducted in accordance
with the guideline (No. A12004) of the Animal Care and
Use Committee of Kagoshima University. Male ICR mice
weighing 25 ± 2 g were maintained at 25 C in a home cage
with food and water ad libitum on a 12 h light/12 h dark cy-
cle. Nine mice were equally divided into three groups: con-
trol, LPS, and LPS plus RLL. RLL C fraction was injected
intraperitoneally (i.p.) by 200 mg/kg BW for 4 days while
the control group was given by 0.9% normal saline NaCl
for 4 days. LPS was then injected i.p. by 1 mg/kg BW, and
the paw thickness was measured, using digital caliper
(model 19975, Shinwa Rules Co. Ltd, Tokyo, Japan) before
and every hour after LPS treatment until 6 h. After 6 h, mice
were sacrificed and blood serum was collected for cytokines
assay (see Section 2.6).
2.9. Statistical analysis
All data were statistically analyzed by one way ANOVA and
student t-test. Differences were considered significant for
p < 0.05 and p < 0.01.
3. Results
3.1. In vitro antioxidant activities and chemical
characterization of LTE
Loquat tea was extracted in boiling water for 15 min to obtain
tea water extract (T), which was then separated with MCI gelto obtain A (water extract), B (30% EtOH extraction), C (50%
EtOH) and D fraction (100% acetone). The fraction C was fur-
ther separated by ODS gel column to obtain C1–C9 fractions
eluted by 10–90% MeOH. The antioxidant activity of the water
extracts and separated fractions were determined by ORAC
assay. The ORAC values of L, T, A, B, C, D and C1–C9 fractions
were shown as Trolox equivalents (TE) in dry basis of each
sample (lmol TE/g dry basis) in the boxes of Fig. 1, respec-
tively. Of them, C and C2 fractions showed higher ORAC val-
ues. Thus, we selected C and C2 fractions for subsequent
studies.
To characterize the bioactive components in LTE, we first
compared the HPLC profiling of LTE to fresh loquat leave ex-
tract with known major four compounds (3-caffeonylquinic
acid (3-CQA), 5-caffeonylquinic acid (5-CQA), (-)-epicatechin
(EC) and procyanidin B2 (PCB2) as standards. The 3-CQA, 5-
CQA, EC and PCB2 were detected in the leave water extract
(L) and in the tea water extract (T) with a reduced amount
(Table 1). However, their compounds were not detected in
fractionated C and C2. In place of these, some new compo-
nents, which were not found in the leave water extract (L),
were detected in C and C2 fractions. To characterize these
chemicals, we further investigated C2 fraction by FT-IR spec-
tra. The strong and broad band of O-H stretching was ob-
served. Moreover, one or more CAH, C@C and CAC ring
were detected and could be assigned as mono-substituted
benzene. Furthermore, 1H NMR spectra gave the signals for
aromatic or olefinic protons and the signals for the methylene
or alicyclic protons. Although we could not determine the de-
tailed chemical structure in this study due to the confusion of
several similar components, at least, we gather from these
data that the new compounds in LTE might be several kinds
of similar phenolic compounds, which might be produced
during the roasting process of fresh loquat leaves.
3.2. Inhibition of LTE on the production of LPS-stimulated
NO and iNOS
To examine the possibility that LTE inhibits LPS-induced NO
production, NO in culture media was measured using Griess
reaction (Uto et al., 2005). RAW264.7 cells were treated with
LTE at a concentration of 50 lg/ml for 30 min before exposure
to LPS (40 ng/ml) for 12 h. LPS treatment increased NO level to
27.0 lM from the basal level of 3.2 lM. Pretreatment with
crude extract T, A, B, C and D attenuated NO level to 15.3,
17.3, 20.6, 9.0 and 9.2 lM (Fig. 2A). Moreover, C and C2
fractions inhibited NO production in a dose-dependent man-
ner (Fig. 2B) at the concentration range of 12.5–100 lg/ml. In
addition, there was no significant difference in the cell viabil-
ity between the treatments and controls (top curve in Fig. 2A
and B). Thus, the inhibitory actions by LTE and its fractions
were not caused by its cytotoxicity. Since NO is synthesized
by iNOS, we further investigated the effect of LTE and its frac-
tions on iNOS expression from the same treatments. The
iNOS protein was markedly increased upon exposure to LPS
for 12 h. The T, C and D fractions strongly inhibited iNOS
while A and B fraction showed weaker inhibition at the con-
centration of 200 lg/ml (Fig. 2C). Moreover, C and C2 fractions
strongly inhibited iNOS expression at the concentration range
of 50–200 lg/ml (Fig. 2D).
Table 1 – Bioactive components responsible for fresh loquat leaves and loquat tea.
Extract/fraction ORAC (TE lmol/g dry basis) Known chemicals (mg/g dry basis) New components (mg/g dry basis)
Leave water extract (L) 910.6 ± 25.1 3-Caffeonylquinic acid 16.64 ± 0.639 Compound 1 n.d.
5-Caffeonylquinic acid 6.59 ± 0.646
Epicatechin 4.62 ± 0.590 Compound 2 n.d.
Procyanidin B2 1.16 ± 0.127
Tea water extract (T) 2146.3 ± 123.5 3-Caffeonylquinic acid 1.03 ± 0.190 Compound 1 3.87 ± 0.768
5-Caffeonylquinic acid 0.26 ± 0.035
Epicatechin 0.02 ± 0.006 Compound 2 0.95 ± 0.254
Procyanidin B2 0.01 ± 0.005
Fraction C 3076.4 ± 28.0 3-Caffeonylquinic acid n.d. Compound 1 7.58 ± 0.676
5-Caffeonylquinic acid n.d.
Epicatechin n.d. Compound 2 9.85 ± 1.096
Procyanidin B2 n.d.
Fraction C2 3201.2 ± 186.0 3-Caffeonylquinic acid n.d. Compound 1 32.07 ± 1.518
5-Caffeonylquinic acid n.d.
Epicatechin n.d. Compound 2 15.22 ± 0.874
Procyanidin B2 n.d.
Each value represents the mean ± S.D. of three separated experiments. n.d: not detected.
Fig. 2 – Inhibition of NO (A, C) and iNOS (B, D) production by LTE. (A, C) tea water extract, (B, D) C and C2 fractions. RAW264.7
cells (3 · 105 cells) were pre-cultured for 21 h, and starved in serum-free medium for 2.5 h. The cells were then treated with
50 lg/ml of tea water extract (T), A, B, C, D fraction or with 12.5, 2.5, 50 and 100 lg/ml of C or C2 fraction for 30 min, and then
exposed to LPS (40 ng/ml) for 12 h. The amount of nitrite in culturedmediumwasmeasured as described in Section 2, and the
cellular lysates were used to detect the protein of iNOS and a-tubulin by Western blotting with their antibodies respectively.
The induction fold of iNOS protein was calculated as the intensity of the treatment relative to that of control by densitometry.
The blots shown are the examples of two separated experiments. Each value represents the mean ± S.D. of triplicate cultures.
Different letter means *P < 0.05 and **P < 0.01. In addition, the cell viability was measured by MTTassay, and the results were
expressed as the optical density ratio of the treatment to control (top curve in Fig. 2A and B).
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Many cytokines have been reported to act as proinflammatory
factors (Haddad, 2002). To clarify whether LTE affects these
cytokine productions, we chose C and C2 fractions, which
were stronger inhibitor for NO/iNOS production among these
fractions, to investigate their effect on the productions of
cytokines in LPS-activated macrophage cells. RAW264.7 cells
were treated with or without C or C2 fraction for 30 min be-
fore exposure to LPS (40 ng/ml) for 12 h, and the medium
was used to assay 23 kinds of cytokines simultaneously by
Bio-Plex Pro Mouse Cytokine 23-Plex Panel kit. LPS treatment
for 12 h enhanced more than fivefold level of G-CSF, TNF-a,
RANTES, IL-6, MCP-1, GM-CSF, more than twofold level of IL-
12(p40), KC, MIP-1b, IL-1 a, IL-10, IL-9; and less than twofold
in IL-13, IL-1b, IL-4, IL-17, IL-3, IFN-c, IL-12(p70), Eotaxin, IL-
5, MIP-1a, IL-2, compared with that of the cells without LPS
treatment (You et al., 2013). Pretreatment with C or C2 frac-
tion at the indicated concentrations decreased significantly
the level of IL-6 (A), RANTES (B) and TNF-a (C) (Fig. 3), but they
did not affect significantly the productions of other 20 kinds
of cytokines (data not shown).
3.4. Inhibition of LTE on MAPK pathway
MAPK signaling pathways play a critical role in the regulation
of inflammatory responses, and coordinate the induction of
many genes encoding proinflammatory mediators (Davis,
1994). Thus, we investigated the influence of C or C2 fraction
on the activation of MAPK including JNK, ERK and p38. The
RAW 264.7 cells were treated with C or C2 fraction forFig. 3 – The effect of C and C2 fractions on cytokines production
12-well plate) were pre-cultured for 21 h, and starved in serum-
and 200 lg/ml of C and C2 fractions for 30 min, and then expos
mediumwas measured by Bioplex mouse cytokine assay kit as d
of triplicate cultures. Different letter means *P < 0.05 and **P < 0.30 min with the indicated concentrations, and then stimu-
lated with LPS (40 ng/ml) for 30 min. As shown in Fig. 4, LPS
markedly induced the phosphorylation of JNK, ERK and p38
kinase, C (A) or C2 (B) fraction suppressed LPS-induced phos-
phorylation of JNK, ERK, and p38 in a dose-dependent man-
ner. These data indicate that the downregulation of these
MAPK was involved in the inhibition of LPS-induced inflam-
mation by C or C2 fraction.
3.5. Inhibition of LTE on NF-jB signaling
Accumulated data indicate that NF-jB is one of the principal
regulators to regulate the expression of proinflammatory fac-
tors including iNOS and cytokines. Thus, we next investigated
the effect of C or C2 fraction on NF-jB signaling by Western
Blot analysis. NF-jB is inactive in the cytosol by binding to
IjB and become active through degradation of IjB, and subse-
quent nuclear translocation of NF-jB proceeded by inflamma-
tory factors (Tak & Firestein, 2001). Thus, we examined
whether C or C2 fraction inhibits the degradation of IjB. As
shown in Fig. 5, IjB was degraded markedly when RAW
264.7 cells were treated with LPS (40 ng/ml) for 30 min. Pre-
treated with 50–200 lM of C (Fig. 5A) or C2 (Fig. 5B) fraction
for 30 min effectively suppressed these processes. Since the
degradation of IjBs is regulated by IjB kinases, IKKa and IKKb
(Zhang & Ghosh, 2001). Thus, we next investigated the effect
of these fractions on phosphorylation of IKKa/b. LPS induced
the phosphorylation of IKKa/b significantly, C (Fig. 5C) or C2
(Fig. 5D) fraction completely inhibited the phosphorylation
of LPS-induced IKK a/b without any effect on total IKKa/b.
The data indicated that the downregulation of IKK-mediateds. (A) IL-6, (B) RANTES, (C) TNF-a. RAW264.7 cells (1.2 · 105 in
free medium for 2.5 h. The cells were then treated with 100
ed to LPS (40 ng/ml) for 12 h. The amount of cytokines in
escribed in Section 2. Each value represents the mean ± S.D.
01.
Fig. 4 – Inhibition of C and C2 fractions on MAPK. The cells were pretreated by C (A) and C2 (B) fractions of LTE in indicated
concentrations for 30 min and then stimulated with LPS (40 ng/ml) for another 30 min. p38, ERK and JNK and their
phosphorylations were detected by Western blotting analysis with their antibodies, respectively. The values show the
densitometric fold of phosphorylation protein to their normal proteins. The data represent the mean ± SD of three
independent experiments.
Fig. 5 – Inhibition of C and C2 fractions on NF-jB signaling. The cells were treated by C (A, C) and C2 (B, D) fractions of LTE in
indicated concentrations for 30 min and then stimulated with LPS (40 ng/ml) for 30 min to detect I-jB or with LPS (1 lg/ml) for
10 min to detect IKK and TAK1, or 3 h to detect IRF3 and its phosphorylation by Western blotting with their antibodies
respectively. The induction fold of proteins was calculated as the intensity of the treatment relative to that of control by
densitometry. The blots shown are the examples of two separated experiments.
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LPS-induced inflammation by C or C2 fraction.
3.6. Inhibition of LTE on phosphorylation of TAK1 and
IRF-3
Our data suggest that both MAPK and NF-jB pathways were
involved in the inhibition of LPS-induced inflammationby C or C2 fraction. Thus, we hypothesize that C or C2 frac-
tion may inhibit the activation of TAK1 since TAK1 is a com-
mon upstream regulators of both IKKa/b and MAPK signaling
(Hou et al., 2007; Irie, Muta, & Takeshige, 2000). As shown in
Fig. 5, LPS induced remarkable phosphorylation of TAK1,
treatment with C (Fig. 5C) or C2 (Fig. 5D) fraction completely
inhibited the phosphorylation of TAK1 without any effect on
total TAK1. On the other hands, many proinflammatory
Fig. 6 – Inhibition of C fraction on mouse paws edema. (A) The mice were divided into three groups: control, LPS, and LPS + C.
Each group had three mice, respectively. LTE (C fraction) was injected i.p. (200 mg/kg BW) for 4 days, and LPS was then
injected i.p (1 mg/kg BW). The mouse paw thickness was measured with a digital caliper before and every hour after LPS
treatment until 6 h. The change of paw edema thickness was shown in (B). Means with differently lettered superscripts differ
significantly at the probability of p < 0.05. The level of IL-6, RANTES and TNF-a in mouse serum (C). The blood serums were
obtained from the mice that were treated with or without LPS for 6 h by collection of heart blood. The serum without any
dilution was used for the measurement of cytokines as described in Section 2 according to manufacturer’s manual. Each
value represents the mean ± SD of three mice. Different letter means *P < 0.05 and **P < 0.01.
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TRIF signaling, which is activated by the phosphorylation of
IRF-3. Thus, we investigated the effect of C or C2 fraction on
phosphorylation of IRF-3. LPS induced the phosphorylation
of IRF-3 while C or C2 fraction significantly suppressed thephosphorylation of IRF-3 in the concentrations of 50–
200 lg/ml without any effect on total a-tubulin control
(Fig. 5C) or C2 (Fig. 5D). These results suggest that the inhi-
bition on phosphorylation of IRF-3 is involved in the down-
regulation of cytokines productions by C or C2 fraction.
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Finally, we used mouse paw edemamodel to confirm the anti-
inflammatory effect of LTE in vivo. C fraction was injected i.p.
into mouse (200 mg/kg body weight) for 4 days, and then the
paw edema was induced by injecting i.p. with LPS (1 mg/kg
body weight). The paw thickness was measured before and
every hour after LPS treatment until 6 h (Fig. 6A). The results
showed that LPS treatment increased the paw thickness from
2.72 to 3.32 mm at 1 h, and 3.02 mm after 6 h. Pretreatment
with C fraction for 4 days reduced the thickness of LPS-in-
duced paw edema from 3.32 to 2.99 mm at 1 h, and to 2.88
after 6 h although the paw swelling was not completely disap-
peared within 6 h. C fraction decreased the edema by 32.2%,
compared with LPS alone after 1 h. As a control, treatment
with 0.9% NaCl did not show any effect on paw edema
(Fig. 6B). Simultaneously, we checked the levels of the serum
cytokines, which were induced by LPS in RAW264.7 cells
(Fig. 3). As shown in Fig. 6C, pretreatment with C fraction sig-
nificantly decreased the levels of serum IL-6, RANTES and
TNF-a induced by LPS. These data confirmed the in vivo
anti-inflammatory effect of C fraction of LTE that attenuated
the production of LPS-induced inflammatory mediators to in-
hibit mouse paw edema.
4. Discussion
Although fresh loquat leaves have been reported to have bio-
logical activities such as antioxidant and anti-inflammatory
activities (Banno et al., 2005; Hong, Lin, Jiang, & Ashraf,
2008; Kim & Shin, 2009), there is no report on the biological
activities of loquat tea, known as Biwa Cha in Japanese, are
used for health beverage in Japan. In the present study, we
used antioxidant activity-guided fractionation to investigate
the anti-inflammation activities of loquat tea extracts. In cell
model of inflammation, we found that C fraction of LTE,
showing the highest ORAC activity, could inhibit the produc-
tion of LPS-induced inflammatory mediators including NO,
iNOS, IL-6, RANTES and TNF-a (Figs. 2 and 3).
Beyond iNOS/NO, some interleukins, chemokines and
cytokines were recently demonstrated to be initiator of the
inflammatory response and mediators of the development
of chronic inflammatory diseases (Rossol, Heine, Meusch, &
Quandt, 2011). To fully understand the anti-inflammatory ef-
fects, the influence of C fraction of LTE on LPS-induced pro-
duction of 23 kinds of cytokines was investigated using
suspension array technology. C fraction could significantly in-
hibit the production of IL-6, RANTES and TNF-a of them. It has
been reported that TNF-a is involved in many different cellu-
lar processes, including production of numerous cytokines
and acute phase proteins, thus contributes many pathophys-
iologic processes (Bradley, 2008). IL-6 is one of the most
important mediators of the acute phase response. It can be
secreted by macrophages in response to specific microbial
molecules, such as LPS, and induce intracellular signaling
cascades that give rise to inflammatory cytokine production
(Kishimoto, Akira, Narazaki, & Taga, 1995). RANTES (Regu-
lated on Activation, Normal T cell Expressed and Secreted)
is a chemotactic cytokine for T cells, eosinophils and baso-
phils, thus, plays an active role in recruiting leukocytes intoinflammatory sites (Appay & Roland-Jones, 2001). Thus, C
fraction of LTE might exert its anti-inflammatory effect also
by suppressing the production of these pro-inflammatory
cytokines.
In relation to signaling pathways for regulating the pro-
duction of these inflammatory factors, MAPK and NF-jB path-
ways are at least involved in LPS-activated macrophage cells
(Doyle & O’Neill, 2006; Hou et al., 2007; Pan, Yang, Tsai, Sang,
& Ho, 2009). Our data revealed that C fraction of LTE influ-
enced MAPK phosphorylation including ERK, JNK, and p38
MAPK kinase (Fig. 4). C fraction of LTE also attenuated NF-jB
signaling including degradation of IjB-a, IKKa/b phosphoryla-
tion (Fig. 5). Moreover, C fraction markedly suppressed phos-
phorylation of TAK1 (Fig. 5), which is an upstream protein
kinase to activate both MAPK and IKKa/b (Sato et al., 2005;
Wang, Deng, Hong, & Akkaraju, 2001). Therefore, the up-
stream TAK1 is possible major targets for C fraction of LTE.
These signaling data suggested that TAK1-mediated MAPK
and NF-jB pathways were involved in the inhibition of LPS-in-
duced inflammatory responses by C fraction of LTE. Moreover,
C fraction also attenuated the phosphorylation of IRF3 (Fig. 5),
which involves in the activation of TRIF signal by transloca-
tion to the nucleus to regulate the expression of inflammatory
mediators including iNOS and cytokines (Kim et al., 2012; Park
et al., 2011). TRIF also interacts with TRAF6 and RIP1 and
thereby mediates late phase of NF-jB activation via TAK1
phosphorylation (Kawai & Akira, 2007). Thus, C fraction of
LTE can also inhibit the expression of iNOS and cytokines by
blocking TRIF-mediated NF-jB activation. Although the
mechanism in the suppression of TAK1 and IRF3 by C fraction
is still not clear, it has been known that the elevated ROS can
activate these pathways to induce inflammatory responses
(Min, Lee, Joe, & Kwon, 2011; Wu, Liaw, Pan, Yang, & Ng,
2013). We have observed that C fraction of LTE could reduce
LPS-induced ROS levels (data not shown), thus, the anti-
inflammatory effect of C fraction of LTE was most likely due
to its antioxidant property.
In animal model, we further confirmed that C fraction of
LTE suppressed LPS-induced mouse paw edema with attenu-
ation in the level of serum IL-6, RANETS, TNF-a (Fig. 6). Thus,
our data demonstrated the anti-inflammatory effects and
underlying mechanisms of LTE in vitro and in vivo.
Regarding the bioactive compounds contributing to the
antioxidant and anti-inflammatory activities in LTE, we char-
acterized the bioactive compounds by HPLC, FT-IR and NMR
methodologies. Some bioactive flavonoids such as ()-epicat-
echin, 3-caffeonylquinic acid, 5-caffeonylquinic acid and
procyanidin B2 have been identified in fresh loquat leaves,
and have been suggested to contribute to the biological activ-
ities (Bae, Jeong, & Shim, 2005; Ito et al., 2002; Jung, Park,
Chung, Kim, & Choi, 1999). Although we confirmed these
compounds were present in the extract of fresh loquat leaves,
we did not detect them in the C and C2 fractions of LTE. How-
ever, some new components, which are not found in fresh lo-
quat leaves, were detected in C and C2 fractions. We further
used FT-IR and NMR to characterize these chemicals. The
strong and broad band of O-H stretching, one or more CAH,
C@C and CAC ring were detected and could be assigned as
mono-substituted benzene. Furthermore, 1H NMR spectra
gave the signals for aromatic or olefinic protons and the
532 J O U R N A L O F F U N C T I O N A L F O O D S 6 ( 2 0 1 4 ) 5 2 3 –5 3 3signals for the methylene or alicyclic protons. Thus, we gath-
er that the new compounds in LTE might be composed of sev-
eral kinds of similar phenolic compounds, which might be
produced during the roasting process of fresh loquat leaves,
and contribute to the antioxidant and anti-inflammatory
activities of LTE although these phenolic compounds need
to be fully identified in a future study.
5. Conclusion
LTE possessed stronger antioxidant activity, and could sup-
press the production of inflammatory mediators by downreg-
ulating TAK1 and/or IRF3-mediated NF-jB and MAPK
pathways, and inhibited mouse paw edema. The results from
cell and mouse models provide insight for understanding the
anti-inflammatory effects and molecular mechanisms of lo-
quat tea.
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